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Initial ALE3D Modeling 
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Future ALE3D Modeling 

Efforts 

 

 

Formal Training 

User Forums 

Email Help-Line 

200+ users 

DOE, DoD, NASA, and government 

contractors from industry and 

universities 

Extensive Documentation Regular  

Distributions 

Extensive SQA 

and V&V 

25+ Developers 

Production level code 

Multi-physics 

Capability 

Time 
1990 2010 2000 

DYNA ALE Hydro, EOS 

Explicit, implicit thermal 

Implicit Hydro 

Magneto-hydrodynamics 

Incompressible flow Cheetah 

Chemistry 

Embedded grid hydro 

SPH 

Element erosion Automatic contact 

Metals, ceramics, composites libraries 

Geological library 

Laser heating 

Multiphase 

Railgun 

Implicit Comp. Flow 

Circuit Model 

Advanced multi-domain 

support 
Autocontact 

Embedded Grids 

Element Erosion 

 Improving generator efficiency  

 Manage arcing across insulators 

 Manage hall instability induced current loops 

 Manage arc formation in boundary layer 

 Extending electrode/insulator life 

 Manage erosion and cracking in electrodes 

 Manage the effects of slag and seed 

 Reduce the need for ionization seeding 

 Consideration of non-equilibrium ionization 

techniques 

 Managing the seed-ionization process 
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Hall-Modified Conductivity Tensor 

Simplified Hall MHD without Feedback: 

Poisson Equation Solved for Electric Potential (Voltage) 

Hall Effect Tensor 

Introduce Hall Effect Without Feedback 

 Captures large scale current distribution 

 Model electrode/insulator damage during operation 

and slag effects 

 Explicit hydrodynamics with heat transfer and 

solid fluid interaction 

 Modern solid mechanics models for ceramics 

and metals for damage and cracking 

 Use chemistry package to model slag 

formation 
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Incorporate Faraday and Ampere Laws 
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Faraday’s Law Ampere’s Law with Hall-Modified Conductivity 

 Inductive component requires more expensive solve for vector potential 

 Non-linearity introduced into the conductivity tensor  

 Timestep-lag the Hall tensor to resolve non-linearity 

 May require addition limits on time step 

 Additional improvements include: 

 Modeling separate electron/ion temperatures 

 Coupling to Implicit compressible flow model 

 Captures fine grained magnetic behavior 

 Model arcing instabilities, boundary effects, seed-ionization 

induced streamers, discharge ionization and recombination 

 Implicit compressible flow with heat transfer 

 Addition of separate elector/ion temperatures for non-

equilibrium ionization 

Key features: 

 Solid-Fluid interaction 

 Fully Coupled MHD 

 Material damage 

 Chemistry 
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